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MATERIAL  ••  UNCLAD  2020~T6  ALUMINUM  ALLbY  -  ELEVATED  TEMPERATURE  - 
CORROSidN  PROTECTIVE  SURFACE  TREATMENTS  FOR  -  DETERMINATION  OP  . 

PLRPOSE  ■  '  .  .■  ,  '  '  .  /  .  ^ 

Unclad  2020-T6  aluminum  alloy  Is  being  considered  for  B-58 
application  where  parts  may  be  subjected  to  elevated  temperatures. 
Considerable  weight  savings  may  be  realized  in  its  use  if  the 
alloy  meets  all  the  required  properties.  . 

The  purpose  of  this  test  -was  to  evaluate  the  corrosion  resistance 
of  unclad  2020  aluminum  alloy  when  •  protected  by  anodic  coatings 
(MIL-A-8625A)  or  by  chemical  film  treatment  (MIL-C“55^!^)oti  ex¬ 
posure  to  elevated  temperatures  of  300®F  and  350®^*  foi*  100 
hours  each.  '  .  ■ 

SUMMARY  '  •  ' 

Unclad  2020-T6  aluminum  alloy  received  Type  I  and  II  anodic 
coatings  per  MIL-A-8625A  and  Irldlte  l4-2  coatings  per  MIL-C-53^1. 
Uncoated  and  coated  panels  from  each  process  were  subjected  to  the 
following!  (1)  no  heat  exposure,  (2)  100  hours  at  300°F,  and  (3) 
100  hours  at  350ep.  The  panels  were  then  exposed  to  20^  salt 
spray,  120°P-»  "95%  relative  humidity,  and  3  phase  JP-4  salt 
water  immersion  environments.  Tensile  .tests  were  conducted  on 
.coated  and  uncoated  specimens  which  received  the  various  heat 
soaks  and'  salt  spray  exposure. 

Test  results  revealed  that  lOO  hours  exposure  to  300°F  had 
little  effect  on  the  tensile  properties  of  coated  and  uncoated 
2020-T6  aluminum,  whereas  a  similar  exposure  at  350°F  debreased 
the  yield  and  ultimate  strengths  by  I3  to 


22  percent!. 


Specimens  representing  all  three  -  doatlng  processes  passed  the 
tensile  requirements  of  MIL-A-8625A  (Type  I  and  II  anodize  )  and 
MIL-C-5541  (Iridlte  14-2)  after  salt  spray  exposure  alone. . 
However,  elevated  temperature  exposure  decreased  the  salt  spray 
'corrosion  resistance  of  all  specimens. 

Type  I,  Type  II  and  Irldlte  14-2  coated  2020-T6  aluminum 
exhibited  ..0  visible  signs  of  corrosion  after  36O  hours  exposure 
to  120OF,  relative  humidity  or  48  hours  exposure  to  3  phase 
JP-4  salt  water  immersion. 
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MATERIAL  -  UNCLAD  2020-T6  ALUMINUM  ALLOY  -  ELEVATED  TEMPERATURE- 


CORROSION  PROTE>CTIVE  SURFACE  TREATMENTS  FOR  >  DETERMINATION  OP 


OBJECTi  .  ’ 

n  nn  111  n  jt  ■  .  ^  ^  ^ 

To  Investigate'  the  corrosion  resistant  properties  of  Type  I 
and  Type  II  anodize  and  Irldlte  14-2  coatings  on  bare  2020-T6 
alvuninum  alloy  after  100  hours  exposure  to  elevated  tempera-  , 
tiires  of  30C  and  350®P  detennlnlng  -the  following: 

I.  Poi'osity  By 

*•.  ‘v.’.  ,*,• 

ia)  Salt  Spray  .  •  ’  •• 

b )  Humidity  '  .  .  :  •  ■  ' 

c)  JP-4  3  phase  immersion  "  ■  ’_  ' 

II.  Tensile  properties  .  '  ' 

TEST  SPECIMENS.  MATERIALS.  AND  EQUIPMENT:  .  > 

I.  Specimens  .  ’ 


Item 

Bare  2020-T6 
Aluminum  Alloy  ; 


Qty.  Size  '  Source 

13- ••  ...  0.100"xl0’^xl2”  Aluminum  Co.  of 

_  .  America, 

•  '  '  Alooa,  Tenn. 


II.  Materials 


Item 


Source 


Type  I  (chromic  acid) 
Anodize  Solution 

Type  II  (sulfuric  acid) 
Anodize  Solution 


Prepared  per  MIL-A-8625A 
in  Engr.  Chem.  La^b. 


Iridlte  14-2  Solution 


Prepared  per  MIL-C-5541 
in  Eng.  Chem.  Lab. ’ 


julpment 


Item 


'  'i'  ■'  Salt  Spray  Cabinet 

i  V'-*.?-  >  .  .  ■  ' 


l  •-  ■ 


Humidity  Cabinet 


Source 

Ind.  Filter  and  Pump  Mfg.  Co. 
Chicago,  Ill. 

American  Instrument  Co. 
Silver  Springs,  Md. 
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III.  Equlptnent  (Continued) 

■  '  ■ 

Tensile  Machine 

Blue  "M"  Electric  Oven 
•  RT  -  35OOP 

PROCEDURE;  .  "  ■ 


'  Source 

A.  H.  Emery  Co. .  ’ 

Stamford,  Conn. 

Blue  "M"  Electric  Co. 
Blue  Island,  Ill,. 


The  test  was  conducted  in  foiir  parts.  Three  0,100"  x  10"  x  12" 
test  panels  of  bare  2020-T6  aluminum  alloy  were' coated  by  each 
of  the  three  processes;  Type  I  anodize, . Type  II  anodize  and 
Iridite  14-2.  Pour  test  panels  of  bare  2020-T6  were  left 
uncoated  and  used  for  control  specimens.  The  test  panels  were 
cut  from  the  same  sheet  of  material  to  jJrevent  large  variations 
in  chemical  and  physical  properties  between  samples i  "Type  I 
and  Type  II  anodize  were  applied  per  MIL-A-8625A.  Coating 
weight  was  determined  and  found  to  be  well  over  the  minimum 
weight  required  In  both  cases.  The  Iridite.  l4-2  coating  was 
•  applied  per  MIL-C-5541.  Panels  of  each  of  the  three  coating 
processes  and  uncoated  controls  were  subjected  to:  (1)  no 
heat,  (2)  300^P  for  100  hours,  and  (3)350°?  for  100  hours. 

The  specimens  were  then  sheared  to  desired  sizes  for  testing. 

,  The  following  tests  were  perfox’med; 

('.)  Salt  Spray;  One  5"  x  6"  panel  from  each  coating  process 
and  heat  soak  was  subjected  to  salt  spray  per  PTMS  I5I, 
Method  811.  Type  I  and  Type  II  anodized  panels  .were 
r  supported  at  a  6°  Inclination  from  the  vertical  for  a 
total  of  240  hours.  Panels  coated  with  Iridite  l4-2 
were  supported  at  a  6°  inclination  for  a  total  of ^ 168 
hours.  All  panels  v.'erc  examined  every  24  hours  until  pit¬ 
ting  developed  and  then  the  expo&ure  was  continued  until 
total  time  had  elapsed.;  Uncoated  5"  x  6"  panels  were 
•  tested  as  controls. 

(2)  Humidity;  One  5”  x  6"  panel  from  each  coating  process 
and  heat  soak  was  subjected  to  120°?,  95^  relative 
humidity  for  36O  hours  per  Procedure  3  of  MIL-E-5272A. 

Tne  panels  were  examined  every  46  hours  until  pitting 
developed  and  then  the  exposure  was  continued  until 
total  time  had  elapsed.  Uncoated  5"  x  6"  panels  were 
tested  as  controls. 
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.(3)-  ,  Three  Phase  Immersion;  One  5"  x.  6"  panel  from  each 
■j  ..  coating  process  and  heat  soak  was  subjected  to  48  hours 

,  .  ;;  .  three  phase  immersion  (JP-4,  JP-4  vapor,  NaCl 

■  .  solution  at  140°?).  The  panels  were  then. examined  for 

"V:  -  pitting.  Uncoated  5"  x  6"  panels  were  tested  as  controls. 

(4)  Tensile;  Five  coupons  of  each,  coating  process  and  heat 

soak  Tficve  prepared,  for  tensile  tests  per  '.PTJ  4751“38f 
.  The  ten;Ule  tests  were  conducted  per  FTMS  151,  Method  211,  '' 

*  •  •  on  uncoated  controls  and  coated  spec-imens  after  exposures 

.of,  zero,  168  hours,  and  240  hours  in  salt  spray.  .  '  . 

RESULTS  ■ 

t  '  The  results  of  the  various  parts  of  the  test  are  given  in 
tabulated  form  as  follows:  ■ 

. .  (1)  Table  I  lists  the  number  of  pits/in^  for  each  coating 

process  and  heat  soak  after  various  salt  spray  exposures. 

..  (2)  Table  II (A)  gives  the  number  of  pits/ln2  for  each  coating 

process  and  heat  soak  after  36O. hours  in-  the  1209p, 

v  95$^?  relative  humidity  cabinet. 

(3)  Table  II(B)’ shows  the  effects  of  three  phase  Immersion 
.)'  ■  on  each  coating  process  and  heat  soak. 

i  '■  (^)  Table  III. gives  the  results  of  tensile  tests. 

-Y  *  •  *  ■ 

•  (5)  Table  IV  shows  the  operating  conditions  of  the  salt 

.  spray  chamber,  during  specimen  exposure. 

,  DISCUSSION 

"  • Type  I  and  Type  II  anodize  coatings  were  applied  per  MIL-A-8625A. 

'  ■  Iridite  14-2  chemical  film  was  applied  per  MIL-C-5541.  All 

three  coatings  were  applied  to  bare  2020-T6  aluminum  alloy. 

”•?’  Table  I  shows  that  2020-T6  aluminum  alloy,  vrhen  coated  by 
-7;..  the  two  processes  Typo  II  anodize  and  Iridite  14-2,  exhibit, 

7;  '  .excellent  corrosion  resistant  properties  in  salt  spray  envli'on- 

'^'7  .'  ment  when  not  subjected  to  elevated  temperatures.  However,  the 

.same  type  specimens  when  subjected  to  elevated,  temperatures' 

"p-  .  show  corrosion  present  after  three  to  nine  days  salt  spray 

exposure.  The  2020-T6  aluminum  alloy  when  coated  with  Type  I 
arioulze  snowed  corrosion  on  panels  both  with  and  without  heat 
-•'.V  ,  soaks  from  three  to  seven  days  in  the  salt  spray  chamber. 

'  Table  II (A)  shows  that  only  the  2020-T6  aluminum  control 
j’Ak'-  -  panels  ^wltli  no  protective  coating)  exhibited  corrosion 
77' ■  after  3b0  hours  exposure  in  the  humidity  chamber.  All  coated 
■:77  •*''  panels  passed  the  required  humidity  exposure  time  with  no  signs 
.  of  corrosion.  .  .  .  .  ‘ 
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"  Results  of  JP-^4  three-  phase  Immersion  test  given  in  Table  II (B) 
indicate  no  corrosion  problem  exists  on  coated  panels  or 
uncoated  controls  after  48  hour  exposure. 

The  results  listed  in  Table  III  shovr  that  the  tensile  properties 
:  •  of  2020-T6  aluminum  alloy  are  slightly  decreased  by  300°? 
heat  exposure  whereas  350°^  heat  exposures  decrease  the 
yield  strength  by  l6  to  22^  in  all  cases  (coated  and  uncoated) 
and  the  ultimate  strength  by  13  to  165^.  Salt  spray  exposiires 
alone  ’seemed  to  have  very  little,  if  any,  effect  on  the  1;enslle 
properties  of  2020-T6  aluminum ’alloy. „ 

CONCLUSIONS;  '  .  .  .  "  • 

■  The  corrosion  resistant  properties  of  Type  I  and  Type  II 
anodize  and  Iridite  l4-2  coatings  on  bare  2020-T6  aluminum 
alloy  when  exposed  to  elevated  temperatures  were  investigated. 
The  results  of  these  Investigations  lead. to,  the  following 
conclusions:  '  ’  _  ^  ' 

I.  Temperature  Resistance  ,  '  '  • 

■  A.  One  hundred  hbvirs  exposure  to  300‘^P  has  little 
^  effect  on  the  tensile  properties  of  coated  and 

uncoated  2020-T6  aluminum  alloy. 

B.  One  hundred  hours  exposure  to  350®P  decreases  the 
yield  and  ultimate  strengths  of  coated  and  uncoated 
.2020-T(>  alumiiium  by  13  to  22  percent. 


Corrosion  Resistance 

A.  iialt  Spray;  Type  I  anodized  2020-T6  aluminum 

exhibits  5  pits,  per  square  inch  of  exposed  surface 
after  240  hours  salt  spray  exposure.  Type  II 
anodized  and  Iridite  14-2  coated  2020-T6  aluminum 
exhibit  no  visible  corrosion  after  240  and  l68  hours 
salt  spray  exposure  respectively.  All  coated 
specimens  pass  .the  tensile  requirements  of  MIL-A-8625A 
(Type  I  and  II  anodize)  and  MIL-C-5541  (Iridite  l4-2) 
after  salt  spray  exposure. 


Elevated  temperature  exposures  decrease  the  salt 
spray  corrosion  resistance  of  coated  and  uncoated 
2020-T6  aluminum.  Tne  tensile  properties  of  coated 
specimens  exposed  to  temnerature  and  salt  spray 
are  approxiraa'voly  tl.o  same  as  those  for  uncoated 
specimens. 


..-i-p  B.  Humidity  and  3  Pnase  Immersion:  Type  I,  Type  II, 

.,.1  -.i  ■;  and  Iridite  14-2  c --uted  2020-T6  aluminum  show  no 

i  r-  Visible  signs  of  corrosion  after  360  hours  expostire 

to  12C°F»  relative  humidity  or  48  hours  exposure  to 
3  phase  JP-4  salt  water  immersion.  _ 
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'  S  'trBatwfttTfc.  '  .  _ 350^  ? 

■:;.;:;Vvr:|:  iSar©  X-2020-T6  „  „  .  ■ 

;  3  .Material  with  Type  I  -  ^>0^  - 

f ’I Anodize,  Applied  per  '30Q^  E  _ 1 

.tMll..A-86a5A,  .  ■  .  ^ 

■  ,  Bare  X^020-t6  .  iJn  Heat  ■  '  1 

.  Material  with  Typo  II  ~n  '  - 

'  "-'yyiit  Anodize,-  Applied  per  '^OCr  V _ 1 

'  '  i  Mll>-iU6623A,  ■  .  ^c^qQ  p  •  1 
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